Cerebral parasitic cysts constitute a major problem for livestock. Among these, coenurosis and toxoplasmosis are predominant. Here, a total number of 60 sheep obtained from a private farm in Suez province, Egypt, were examined postmortem to detect visible parasitic cysts, and microscopically to detect small-sized entities. Necropsy revealed bladder-like cysts measuring 0.5-6.5 cm in diameter that were filled with a translucent fluid containing a large number of protoscolices. Accordingly, the cysts were identified as the metacestode Coenurus cerebralis. Among the sheep examined, 11 animals (7 males and 4 females) (18.3%) were infected. Most of the cysts were located in the cerebral hemispheres, with numbers ranging from one to three per infected animal. The effect of the presence of cysts in the brain tissue was evaluated. Histopathologically, pseudocysts of the apicomplexan Toxoplasma gondii were found in two animals with no detectable inflammatory cell reactions. In conclusion, coenurosis and toxoplasmosis are serious parasitic problems that play a significant role in sheep management in Egypt, as a result of close contact between livestock and dogs and cats, which play a critical role in the life cycle of these parasites.
Introduction
Cerebral coenurosis, or alternatively central nervous system (CNS) coenurosis, is an infection caused by the metacestode Coenurus cerebralis, of Taenia multiceps Leske, 1780. The adult worm inhabits the small intestine of domestic and wild canids, and dogs are the most frequent definitive host. The metacestodes (larval stages) develop in the brain and spinal cord of sheep, goats and other ungulates that have ingested eggs or gravid segments of T. multiceps, thereby inducing so-called cerebral coenurosis (BATISTA et al., 2010) .
Coenurus cerebralis poses serious problems for sheep and goat production. It has worldwide distribution but is more common in the developing countries of Africa and Asia, with prevalences ranging from 1.3 to 9.8% (ACHENEF et al., 1999; ABO-SHEHADA et al., 2002; SHARMA; CHAUHAN, 2006; WELCHMAN; BEKR-OCHIR, 2006; GICIK et al., 2007; SCALA et al., 2007; NOURANI; KHEIRABADI, 2009; OGE et al., 2012) , where sheep and goat rearing is a common source of income.
Coenurosis is a fatal disease, and death occurs as a result of encephalitis, on average 30 days post-infection (CHRISTODOULOPOULOS, 2007; BATISTA et al., 2010) . In the acute phase, immature parasites migrate to the CNS, and the clinical signs together with the severity of the condition are closely related to the number of viable eggs ingested by the sheep, with intense inflammatory cell reactions occurring as a result of the parasite localization (SCALA et al., 2007; PALTRINIERI et al., 2010) . If the metacestode is overcome by the host immune response, clinical recovery takes place and only small caseous lesions are found during necropsy (EDWARDS; HERBERT, 1982) . The clinical signs of ovine coenurosis may be confused with other diseases such as listeriosis, polioencephalomalacia or brain abscess (EDWARDS; HERBERT, 1982) . Therefore, the diagnosis is based on epidemiological and clinical evaluations as well as necropsy findings and anatomohistopathological investigation (RISSI et al., 2008) . Chronic cases known as "gid" or "sturdy" appear in older sheep as a result of cyst development. Infected sheep usually remain isolated from the flock and show loss of reactivity to external stimuli. As the cyst increases in size, the clinical signs become more evident including depression, ataxia, circular movements, blindness and head deviation (BUSSELL et al., 1997; ACHENEF et al., 1999) . Most infected animals die as a result of starvation within a few weeks (HERBERT et al., 1984) . In chronic cases, brain tissue displacement and atrophy occur due to the pressure exerted by mature C. cerebralis cysts, with varying degrees of necrosis and congestion (ACHENEF et al., 1999) .
Small ruminants like sheep and goats are intermediate hosts of Toxoplasma gondii (DUBEY, 2009 (DUBEY, , 2010 . Meat from these animals is regarded as an important source of nutrition for humans. T. gondii infection tends to be especially high in countries and regions that depend on mutton and goat meat (KIJLSTRA; JONGERT, 2008) . Sheep are usually infected with T. gondii, which may cause early embryonic death, abortion, stillbirth and neonatal death. T. gondii in sheep is a source of infection for humans and carnivorous animals (BUXTON, 1998; ASGARI et al., 2011; TZANIDAKIS et al., 2012) . As a result of the significant consumption of products originating from small ruminants in the Mediterranean area, there is a high risk of human infection. Consequently, there is an urgent need to elucidate the factors that cause it to spread, as well as the risk factors for this zoonotic disease in small ruminants.
The purposes of this investigation were to evaluate the parasitic cysts present in the brain tissues of slaughtered sheep obtained from a private farm in Suez province, Egypt; to highlight their prevalence and distribution pattern; and to determine the pathological alterations in brain tissues that occur as a result of the presence of these cysts.
Materials and Methods

Animals and study area
An extensively raised herd of sheep belonging to a private farm in Suez province (coordinates: 29° 59' N 32° 33' E), Egypt, was examined at the time of slaughtering in order to detect parasitic cysts in the brain, during the period from December 2008 to February 2010. Osimi, Saidi and Rahmani sheep breeds were examined; of these, Osimi was the most prevalent breed. The animals were kept under veterinary care to detect abnormal clinical manifestations. Data concerning general conditions and mortalities were recorded. Consideration was given to the vaccination program of the farm against clostridial diseases, as well as viral diseases such as foot and mouth disease, pox and Rift Valley fever. Palpation and close inspection of the entire body surface were performed in order to detect intermuscular and subcutaneous cysts. A total of 60 sheep, aged from 3 months to 3.5 years, were necropsied and their brains were examined grossly for large parasitic cysts. Histopathological examination was conducted to reveal small-sized cysts.
Necropsy
Necropsy was done at the time of slaughtering. The animals were subjected to a full postmortem examination. The head was detached by severing the atlanto-occipital joint. Horns, ears and the skin of the caudal half of the skull were removed. The roof of the cranial vault was cut using an electrical saw, the meninges were pushed aside and the brain was removed by turning the skull upside down. The cranial nerves were severed by blunt dissection (SCALA et al., 2007; DESOUKY et al., 2011) . The whole brain was carefully removed. A preliminary examination for cysts and gross pathological lesions was carried out. The whole brain was fixed in 20% neutral buffered formalin. Coronal sections were sliced through the longitudinal axis of the brain at 5 mm intervals, in accordance with the method described by Leontides et al. (2000) , in order to ensure that a wide range of neuroanatomical structures were sampled, and in order to detect the presence of cysts and other similar lesions. The dimensions of cysts and their locations were recorded and photographed.
Parasitological examination
The gross and morphological features of the cysts were identified and evaluated. The cysts were seen to be large white structures filled with translucent fluid containing numerous spherules (protoscolices) attached to the wall, and the scolex had a double ring of rostellar hooks (AVCIOGLU et al., 2012) . The viability of each metacestode was assessed by means of microscopic examination following incubation at 37 °C for 5 minutes to check the motility and evagination of the protoscolices.
Histopathology
Brain tissue specimens were fixed in 20% formol saline. Samples were processed routinely by means of paraffin embedding. Sections of thickness 5 µm were stained with hematoxylin and eosin (HE) (BANCROFT; GAMBLE, 2008) and Giemsa (NAYEL et al., 2012) for microscopic examination.
Results
The clinical histories of the animals examined revealed that varying degrees of nervous signs appeared in 35% (21/60) of the sheep in the form of dullness, circling, torticollis, loss of appetite, frequent bleating, impaired vision, occasional unilateral partial blindness, tilting of the head either right or left, head pressing, inertia, incoordination, irregular gait, failure to hold the head straight, feet stamping and recumbency, ending with exhaustion and death.
Necropsy revealed brain lesions in the subcortex of the cerebral hemisphere and cerebellum, consisting of bladder-like cysts measuring about 5 cm in diameter, filled with a translucent fluid containing a large number of floating white spherules (protoscolices) of Coenurus cerebralis. In addition, lesions in the brain tissue were histopathologically described. Among the 60 sheep examined, Coenurus cerebralis cysts were found in the brains of 11 heads (18.3%). The cerebrum was the part most often affected, either in the right cerebral hemisphere (4 animals) or the left hemisphere (6 animals), followed by the cerebellum (one case was infected on the right side) ( Table 1) .
The number of cysts in the infected animals varied; four animals had one cyst each, five were infected with two cysts, and two had three cysts in the brain tissue (Table 2 ). It is noteworthy that the C. cerebralis infection rate was not significantly different between male sheep (7) and female sheep (4) ( Table 3) . On slaughtering or immediately after death, the age of the animals was determined based on dentition. The diameters of the cysts revealed ranged from 0.5 to 6.5 cm (Figure 1a) . A bladder-like cyst filled with a translucent fluid was seen, with large numbers of white spherules (protoscolices), floating in the fluid inside the cystic cavity (Figure 1b) . Smaller cystic formations (Figures 1c, d ) communicating with the large ones were also observed.
Cyst formation was found to comprise almost the entire caudal hemisphere, where the brain tissue was atrophied, with the inner surface presenting yellowish patches. In extending towards the lateral ventricle, cyst formation was found to cause internal hydrocephalus (Figure 2a) . As the cyst grew, it replaced a large portion of the cerebral parenchyma in the right and left hemispheres. After removal of the cyst and its capsule, a cavity with an irregular wall could be seen (Figure 2b ). Large cysts sometimes led to rupturing of the septum lucidum (Figure 2c ) and, when the condition was aggressive, collapse and compression of the brain tissue occurred (Figure 2d) .
Microscopically, C. cerebralis cysts were characterized by a thin-walled eosinophilic vesicle in which multiple evaginated spherical acoelomate scolices were observed (Figure 3a) . The cyst wall was surrounded by successive evaginated layers that exhibited internal necrosis and mineralization. Distinct areas of necrosis surrounded with epithelioid cells and multinucleated giant cells were detected. These lesions were accompanied by perivascular cuffing and congestion of blood vessels (Figure 3b ). The neighboring area showed perivascular congestion with lymphocytic-histiocyticplasmacytic infiltrates, and the adjacent cerebral parenchyma was compressed and atrophied. Brain tissues of animals that had suffered from nervous manifestations as a result of parasitic cysts exhibited a variety of pathological lesions that were visible grossly, microscopically, or both. In some instances, microscopic lesions were present despite the absence of clinical signs.
The present investigation revealed that two heads suffered from toxoplasmosis. Grossly, there were no detectable lesions. Microscopically, a Toxoplasma gondii cyst was found within the molecular layer of the cerebellar cortex in the first case, and within the thalamus in the other case. Within the parenchyma, the pseudocyst had many banana-shaped multiplying forms (bradyzoites). No inflammatory cell reactions could be detected in the surrounding areas. The cyst could be clearly observed using either HE (Figure 4a ) or Giemsa staining (Figure 4b ).
Discussion
Coenurosis is common in sheep worldwide (VERONESI et al., 2008; VARCASIA et al., 2009 ). The preferred site for Coenurus cysts in most cases is the central nervous system (SCHUSTER et al., 2010) . The clinical signs of C. cerebralis infection vary depending upon the size and location of the cysts within the brain. Animals with such cysts frequently tilt their heads towards the side of the cyst and/or circle to that direction (SHARMA; CHAUHAN, 2006; OZKAN et al., 2011) . The present study revealed that the prevalence of coenurosis in slaughtered sheep was 18.3%, with multiple-sized cysts. These data are consistent with those obtained by Tavassoli et al. (2011) , who found that 18.65% of their sheep were infected with C. cerebralis cysts. Among these infected sheep, the infection rate varied significantly (P < 0.05), such that 42.02% of those aged 0.5-2 years were infected, 22.50% aged 2-4 years and 8.92% aged over 4 years. Moreover, the prevalence ranged from 1.3 to 36.8% in Turkey (USLU; GÜÇLÜ, 2007) . This correlation could be due to the similarity in sheep rearing behavior and management, as well as the climatic conditions in Egypt and Iran.
Furthermore, in the present investigation, most of the cysts recovered from the slaughtered sheep were located in the right and left cerebral hemispheres, with fewest located in the cerebellum. This is completely consistent with the findings obtained by Nourani and Kheirabadi (2009) , who reported that 96% of the CNS C. cerebralis cysts were located in the two cerebral hemispheres and 4% in the cerebellum. However, Edwards and Herbert (1982) stated that most of the cysts were found in the occipital area, in Welsh, Mountain, Suffolk and Dorset sheep. These discrepancies could be attributable either to the genetic variability of T. multiceps or to anatomical variations between the breeds of sheep. The size and location of the Coenurus cysts appear to be important in the pathogenesis of the disease. The cysts recovered in the current study ranged from 0.5 to 6.5 cm in diameter. Similar dimensions were obtained by Güçlü et al. (2006) in Turkey. Cyst compression could lead not only to more cavitations in the cranium, but also to perforation and atrophy of the cranial bones (MANUNTA et al., 2012) . Histopathologically, the cerebral coenurosis reported in this investigation was associated with formation of large and small cysts. Cyst formation was observed to comprise almost the entire caudal hemisphere where the brain tissue was atrophied, and it had an inner surface of yellowish-colored patches. In extending towards the lateral ventricle, cyst formation was found to cause internal hydrocephalus. The cysts consisted of a thin walled eosinophilic vesicle in which multiple evaginated protoscolices were floating. The cyst wall was surrounded by successive layers consisting of an internal necrotic and mineralized band, a layer of epithelioid cells with abundant numbers of multinucleated giant cells and an external fibrovascular capsule with perivascular lymphocytic-histiocytic-plasmacytic infiltrates. The adjacent white and gray matter was compressed. Similar results were obtained by Summers et al. (1995) , Sharma and Chauhan (2006) , Gül et al. (2007) and Rissi et al. (2008) . Surprisingly, Desouky et al. (2011) recorded a 100% infection rate for ovine coenurosis in Egypt. This exceptionally high percentage might be related to the fact that infected heads and offal are frequently offered to stray dogs during slaughtering of sheep. This creates a very high level of year-round environmental contamination by infective T. multiceps eggs disseminated through the feces of infected stray dogs. Moreover, large numbers of protoscolices per cyst might provide a continuous and abundant source of the adult cestodes in the small intestines of definitive hosts. Also, the presence of lesions at various anatomical locations and the presence of numerous cysts at different developmental stages might be the cause of the variety of signs, which means that a differential diagnosis is required, especially in the case of elderly sheep.
On the other hand, veterinarians need to be alert for lowergrade infections. These may be difficult to detect, given that in less developed countries, elderly sheep are illegally slaughtered in situations in which the first nervous signs appear. Owners tend to do this in order to maintain the carcass yield by avoiding the damage caused by worsening of the infection. In such situations, strict and decisive governmental measures need to be taken. Although clinical signs caused by C. cerebralis have been reported among sheep and goats as well as in cattle, it has been noted that some animals seemed to be healthy and were diagnosed only after death, because of absence of clinical signs while alive (SHARMA; CHAUHAN, 2006; GÜL et al., 2007) .
Cats and wild felids are crucial to persistence of Toxoplasma gondii in livestock such as grazing animals, because they act as the main source of the infective oocysts that contaminate the environment (ELMORE et al., 2010) . High humidity and temperate conditions favor survival of these oocysts. T. gondii tissue cysts have great affinity for neural (CNS) and muscle tissues (TENTER, 2009) .
Edible tissues of sheep and goats seem to be the main sources of Toxoplasma infection among humans worldwide. High standards of hygiene in sheep breeding and management, educational programs for environmental health workers and standardization of meat handling and preparation are required in order to prevent zoonotic infection. T. gondii infection in small ruminants is not only important in terms of zoonotic issues, but also because it serves as an important cause of ovine and caprine abortion (BUXTON, 1998; INNES et al., 2009) .
Microscopically, the most notable feature of toxoplasmosis was the complete absence of inflammatory cells associated with the tissue cysts. However, non-suppurative encephalitis was the main manifestation of toxoplasmosis in the brain (DUBEY; BEATTIE, 1988; ESCAJADILLO; FRENKEL, 1991) .
Based on our understanding of ovine toxoplasmosis, farmers should be advised that the principal risk of infection is contamination of the environment with Toxoplasma oocysts derived from the feces of cats. In summary, effective control measures need to be implemented in order to prevent illegal slaughtering, especially of elderly and diseased sheep, and to prevent contact between livestock and canids and felids. Furthermore, hygienic disposal of dead carcasses is crucial in terms of preventive measures.
